I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Metabolic syndrome is probably one of its kind in the fact that there have been innumerable studies related to it without there being a consensus on its optimum definition yet. The concept of this syndrome with the central pathogenesis of insulin resistance gained ground to identify individuals who were at risk of developing diabetes and cardiovascular diseases (CVD) in the future. South Asians have been found to have a predilection for development of this syndrome.

D[EFINITION OF]{.smallcaps} S[OUTH]{.smallcaps} A[SIA]{.smallcaps} {#sec1-2}
==================================================================

According to the United Nations geographic region classification, South Asia comprises the countries of Afghanistan, Bangladesh, Bhutan, India, Iran, Maldives, Nepal, Pakistan, and Sri Lanka. By other definitions and interpretations, Myanmar and Tibet are also sometimes included in the region of South Asia. South Asia is home to well over one-fifth of the world\'s population, making it both the most populous and the most densely populated geographic region in the world.\[[@ref1]\]

South Asia, also known as southern Asia, is the southern region of the Asian continent, which comprises the sub-Himalayan countries and, for some authorities, also includes the adjoining countries to the west and the east. Topographically, it is dominated by the Indian Plate, which rises above sea level as the Indian subcontinent south of the Himalayas and the Hindu Kush. Loosely speaking, the word South Asian would mean inhabitants of the Indian subcontinent.

P[OPULATION]{.smallcaps} D[IVERSITY]{.smallcaps} {#sec1-3}
================================================

Ethnic distribution of South Asian population is complex as South Asia has been invaded and settled by many ethnic groups over the centuries -- including various Dravidian, Indo-Aryan, and Iranian groups -- and amalgamation of Dravidian, Indo-Aryan, and native societies has produced composite cultures. Census data from India have shown that Indo-Aryan comprise 72%, Dravidian 25%, and Austro-Asiatic, Tibeto-Burman, and others comprise 3% of the population.\[[@ref2]\]

Archeogenetic study of South Asian population as mapped by the human Y-chromosome DNA haplogroups, however, has found that overall haplogroup diversity among Indian populations was relatively high (NRY diversity value 0.893) in contrast to other European or East Asian populations, but was closer to that of Central Asia. Multi dimentional scaling (MDS) plotting study has further documented the genetic proximity of the majority of the Indian population to the Indo-European speakers of Central Asia and Eastern Europe (Russia and Siberia), rather than with populations of Western Europe.\[[@ref3]\]

E[PIDEMIOLOGY OF]{.smallcaps} M[ETABOLIC]{.smallcaps} S[YNDROME]{.smallcaps} {#sec1-4}
============================================================================

Prevalence of the metabolic syndrome {#sec2-1}
------------------------------------

Nationally representative studies regarding the prevalence of the metabolic syndrome (MetS) are generally not available from any South Asian country. Available data indicate that the prevalence of the MetS in Asian Indians varies according to region, extent of urbanization, lifestyle patterns, and socioeconomic/cultural factors.\[[@ref4]\] Recent data show that about one-third of the urban population in large cities in India have MetS.\[[@ref5][@ref6]\]

A study conducted in urban areas of Karachi, Pakistan, showed a high prevalence of the MetS -- 34.8 and 49% according to the International Diabetes Federation (IDF) definition and modified National Cholesterol Education Program, Adult Treatment Panel III (NCEP ATP III) criteria, respectively.\[[@ref7]\] While obesity in urban Pakistani population ranged between 46 and 68%, hypertriglyceridemia ranged between 27 and 54%, and in particular, 68 and 81% of the population had low levels of high-density lipoprotein cholesterol (HDL-C).\[[@ref8]\]

The initial astute observation of the relationship between the central obesity and insulin resistance with high diabetes prevalence and cardiovascular risk in South Asians focused the attention of the world community on the high prevalence of MetS in this particular population subgroup.\[[@ref9][@ref10]\] The observation was replicated in various other South Asian migrant populations from different regions of the globe. Overall, the prevalence of the MetS in migrant Asian Indians varies from 20 to 32% \[[Table 1](#T1){ref-type="table"}\]. Most UK investigators have studied South Asians consisting of Bangladeshis, Pakistanis, and Asian Indians (predominantly Punjabis and Gujaratis). Abdominal obesity, hyperinsulinemia, and dyslipidemia in migrant South Asians were significantly higher than in British Caucasians.\[[@ref11][@ref12]\] The prevalence of the MetS in migrant Asian Indians is higher than in many other ethnic groups. For example, in Singapore, the prevalence was 28.8% in migrant Asian Indians when using the modified NCEP ATP III definition as compared with 24.2% in Malays and 14.8% in Chinese.\[[@ref13]\]

###### 

Prevalence of the Metabolic Syndrome in Migrant South Asians
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Surveys in large cities in different parts of the country suggest that about one-third of the urban population in large cities in India have MetS.\[[@ref14]--[@ref16]\] All classical risk factors comprising the MetS are prevalent in Asian Indians residing in India; 31.4% abdominal obesity, 45.6% hypertriglyceridemia, 65.5% low HDL, 55.4% hypertension, and 26.7% raised fasting plasma glucose have been reported from South India. Data from North India show that 66% of men and 88% of women, classified as "nonobese" on the basis of the international cut-off of body mass index (BMI), had ?1 cardiovascular risk factors.\[[@ref17]\]

A recent community-based study from eastern India has measured a prevalence of MetS of 31.4%, with females having a much higher prevalence (48.2%) than males (16.3%).\[[@ref18]\]

The rural prevalence of MetS is found to be reasonably low compared to the urban prevalence. A recent survey in Central India observed an overall MetS prevalence as per ATP III criteria to be 5.0% in the adult rural population. When ATP III criteria were modified using waist circumference (WC) cut-offs recommended by Asia-Pacific guidelines, MetS was seen in 9.3% (8.2% in males and 10.7% in females).\[[@ref19]\]

The prevalence landscape of the MetS in semi-urban area was found to be at an intermediate level between the rural and the urban prevalence levels. A recent population survey conducted in a semi-urban area in South India showed that the prevalence of MetS is 29.7% (26.5% in men and 31.2% in women).\[[@ref20]\]

MetS in pediatric and adolescent population is also not lagging far behind. As obesity has permeated into all strata of society and age groups, it is little wonder that the pediatric age groups are not immune from it, especially so because the pediatric population is advancing rapidly in the BMI. The prevalence of overweight/obesity in urban children in Delhi has shown an increase from 16% in 2002 and 24% in 2006 to about 29% in 2007.\[[@ref21]\] The studies conducted in developed countries have reported the overall prevalence of pediatric MetS varying between 3.1% and 12.7%, utilizing the criteria of hypertension, impaired fasting glucose (IFG), hypertriglyceridemia, reduced HDL, and central obesity as measured by WC. A survey in North India found an overall prevalence of MetS in adolescents to be 4.2%. However, there was no gender difference in the distribution of MetS. While only 1.9% of the normal weight adolescent population had MetS, 36.6% of overweight adolescents met the criteria for MetS.\[[@ref22]\] A recent survey in another location in North India showed that the prevalence of MetS in pediatric age group is 6.5% (males 6.9% and females 5.9%). The pediatric MetS is known to be a precursor of adult MetS in a population. Hence, with the burgeoning wave of obesity in the pediatric population, the seed of MetS is sown quite early.\[[@ref23]\]

The central obesity is associated with changes in many biochemical variables, especially with the various adipokines like leptin and adiponectin. In a study on Iranian subjects, leptin level has been found to be associated with insulin resistance and components of MetS, after adjustment of age, sex, and BMI. After adjustment of WC, this association does not hold true anymore, therefore signifying the association of leptin with central obesity.\[[@ref24]\] In fact, in a recent study in the same population, the diagnostic accuracy of the leptin cut-off values in identifying MetS was similar to that of insulin resistance in identifying MetS.\[[@ref25]\] In another study in a migrant South Asian population in the USA, leptin was strongly associated with all measures of adiposity, including BMI, total body fat, visceral fat, and hepatic fat. Adiponectin level showed an insignificant trend toward an inverse association with body fat composition in both women and men. Adiponectin\'s inverse association with adiposity was significantly attenuated by low HDL, increased triglycerides (TG), and insulin resistance.\[[@ref26]\]
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In 2005, the International Diabetes Federation (IDF) also introduced an ethnicity-specific definition of this syndrome \[[Table 2](#T2){ref-type="table"}\].\[[@ref27]\] In a South Indian study, the prevalence of MetS was estimated to be 25.8%, 23.2%, and 18.3% according to the IDF, World Health Organization (WHO), and NCEP ATP III definitions, respectively, implicating a discord between the same.\[[@ref28]\] Pattern recognition and identification of risk factors by cluster analysis for the development of diabetes and cardiovascular disease (CVD) have consistently implicated four key components -- increased adiposity, disturbed glucose metabolism, dyslipidemia, and hypertension. However, each component has multiple methods of assessment, cut-offs, and varying predictive role, which even today are hotly debated topics.\[[@ref16]\]

###### 

Definitions of metabolic syndrome
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Abdominal obesity is quite prevalent in South Asians, with females outnumbering males.\[[@ref14]\] Several studies have indicated that body fat, abdominal adiposity, and cardiovascular risk are higher in South Asians compared to Caucasians at similar BMI and lower average WC levels.\[[@ref29]--[@ref31]\] In a WHO consultation on obesity in Asia and Pacific regions in 2000, lower cut-offs for diagnosis of overweight and obesity were suggested, i.e. 23 kg/m^2^ and 25 kg/m^2^ or greater, respectively.\[[@ref32]\] An analysis of the Chennai Urban Rural Epidemiology Study (CURES) study demonstrated that the optimal BMI cut-off point for identifying two cardiometabolic risk factors was 23 kg/m^2^ for Indians of both sexes and a WC of 87 cm for men and 82 cm for women.\[[@ref33]\] A recent 2006 study of 289 South Asian migrants residing in Canada revealed BMI cut-off points of 22.5 kg/m^2^ for lipid metabolism and 21 kg/m^2^ for glucose metabolism.\[[@ref34]\] A more recent WHO consultation in 2004 opined that the proportion of Asian people with a high risk of type 2 diabetes mellitus (T2DM) and CVD is considerable at BMI values lower than the existing WHO cut-off point for overweight (25 kg/m^2^) and proposed potential public health action points of BMI (23.0, 27.5, 32.5, and 37.5 kg/m^2^), but did not suggest a clear BMI cut-off point for overweight and obesity.\[[@ref35]\] Intriguingly, the WHO and other international agencies have failed to define lower BMI cut-offs for Asians despite considerable evidence for the same. Contrary to BMI cut-offs, a consensus has been reached regarding lowering WC cut-offs (≥90 cm in males and ≥80 cm in females) in South Asians based on adequate evidence, which has henceforth been adopted in the modified NCEP ATP III and IDF definitions. A study has reported significantly high odds ratio (OR) for hypertension and hypertriglyceridemia even at a lower WC range (70--80 cm) in Indians.\[[@ref36]\]

Studies have shown that the prevalence of type 2 diabetes is particularly high in South Asians, with the prevalence of insulin resistance in healthy, young lean Asian men being three to four times higher than lean men in other ethnic groups.\[[@ref37][@ref38]\] In a study in South African Indian individuals with MetS, elevated fasting blood glucose was found to be the most frequently occurring criterion (IDF, 87%; NCEP ATP III, 83%).\[[@ref39]\] A study in Singapore noted that mortality risk for T2DM in Asian Indians was higher when compared with Chinese and Malays, although the latter had a higher prevalence of impaired glucose tolerance and IFG, suggesting that IFG carries a greater risk for CVD mortality in Asian Indians due to faster progression to type 2 diabetes.\[[@ref40]\] As diabetes is the major factor underlying the progression of vascular disease, the IDF definition utilizes a fasting glucose cut-off of 100 mg/dl, a level consistent with the American Diabetes Association\'s revised 2003 definition of IFG which was also accepted by NCEP in 2004.\[[@ref41]\]

Atherogenic dyslipidemia is common in South Asians who have lower HDL and higher levels of small, dense low-density lipoprotein (LDL) compared to Caucasians across all strata of the society.\[[@ref42][@ref43]\] Elevated serum TG is more common in affluent Indians and migrant Indians compared to the rural populace.\[[@ref44]--[@ref46]\] The NCEP ATP III criterion which is most likely to identify insulin resistance is the TG/HDL ratio, but large-scale clinical trials to determine its relative risk for development of CVD or its relationship with the MetS in different ethnicities are lacking.\[[@ref47]\]

Hypertension is generally accepted to have the weakest association with insulin resistance compared to other factors that make up the MetS, although some studies have shown that a substantial percentage of hypertensive individuals have insulin resistance.\[[@ref48][@ref49]\] Interestingly, studies in the UK have shown that hypertensive South Asians have higher CVD mortality compared to individuals of African ancestry, although hypertension is more prevalent in the latter, thereby suggesting a probable requirement of ethnicity-based cut-offs in this regard.\[[@ref50][@ref51]\]

A number of studies using skinfold thickness have shown that subcutaneous body fat is thicker in South Asians compared to Caucasians across all age groups.\[[@ref29][@ref52]--[@ref54]\] Studies have shown truncal subcutaneous fat to be an important determinant of insulin sensitivity in South Asians with an influence similar to that of abdominal obesity.\[[@ref55]--[@ref56]\] In an Indian study, candidate definitions using the criterion of subscapular skinfold thickness (\>18 mm) have shown an increase in prevalence of MetS compared to the NCEP ATP III definition.\[[@ref56]\] However, a candidate definition comprising only anthropometric criteria showed poor predictability for MetS in Asian Indians, implying a significant role of the laboratory in diagnosing the same.\[[@ref57]\]

In a study in Asian Indian adolescents, inclusion of fasting hyperinsulinemia as an additional criterion to the NCEP ATP III definition resulted in an increase in the prevalence of MetS from 0.8 to 4.2%. Detection of fasting hyperinsulinemia, though resource constraining, is an early biochemical surrogate of insulin resistance and could be an additional defining criterion of MetS in young Asian Indians.\[[@ref58]\]

Studies indicate that unlike Caucasians, intramyocellular lipid content (IMCL) is not related to insulin resistance in South Asians.\[[@ref59][@ref60]\] It has been shown to be related to excess body fat and abdominal obesity in this population, but the overall significance of IMCL in the pathogenesis of insulin resistance remains to be determined.\[[@ref59]\] Obstructive sleep apnea (OSA) commonly co-occurs with obesity, hypertension, and hyperglycemia, suggesting it to be a part of the syndrome. Despite some evidence, relationship of OSA with insulin resistance independent of obesity remains to be definitely established and more investigations in South Asians are necessary in this regard.\[[@ref6]\] Non-alcoholic fatty liver disease (NAFLD) is quite prevalent in South Asians and is an important hepatic correlate of insulin resistance and the MetS, with non-alcoholic steatohepatitis often being the first clinical indication of insulin resistance.\[[@ref6][@ref61]\] Both obese and non-obese Indians with NAFLD have significantly higher insulin resistance compared to those without NAFLD.\[[@ref6]\] An Indian study reported the presence of early abnormalities in hepatic gluconeogenesis pathway in nondiabetic obese and non-obese Asian Indians with NAFLD, indicating increased future risk for development of type 2 diabetes.\[[@ref14]\] Presence of excess dorsocervical fat (mild buffalo hump) and excess fat deposition under the skin (double chin) may also signify heightened risk for the MetS in urban Asian Indians and may be used as phenotypic markers.\[[@ref62]\] A study in obese children and adolescents showed significant correlation of uric acid to lipids, BMI, and blood pressure, and that uric acid was a reliable indicator for the "pre-metabolic syndrome."\[[@ref63]\] Some studies have implicated hyperuricemia as a component of the MetS, but it is presently believed to have a weak association with the same.\[[@ref64]\] Polycystic ovarian syndrome is more prevalent in South Asians compared to Caucasians and is associated with younger age of presentation, more severe symptoms, and greater degree of insulin resistance and could well be a significant correlate of MetS in this population.\[[@ref65]\]

The link between subclinical inflammation and the MetS is yet to be conclusively established in South Asians. Although a few studies have shown increased C-reactive protein to correlate with adiposity in South Asians, the link between C-reactive protein and insulin resistance is far from clear in Asian Indians on the basis of available evidence.\[[@ref66]--[@ref68]\] A number of additional metabolic criteria have been proposed for research (apoB100/apoA-I ratio, lipoprotein(a), interleukin 6, fibrinogen, plasminogen activator inhibitor-1, vascular cell adhesion molecule 1, homocysteine, and endothelium-dependent dilatation), some of which are already under intense investigation.\[[@ref41]\]

Recent evidence suggests that the MetS and its components are associated with T2DM but have weak or no association with vascular risk in elderly populations, and so the predictive value of any definition of the MetS for CVD will be required to be investigated further in different age groups in the developing countries.\[[@ref69]\]
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South Asians with MetS are phenotypically distinct from Caucasians. Investigators have shown that compared to Caucasians, Asian Indians have lower BMI, WC, and muscle mass.\[[@ref30]\] Studies in South Asian adults as well as children have shown that hyperglycemia, hypertension, and hypertriglyceridemia occur at lower levels of BMI and WC.\[[@ref36][@ref70][@ref71]\] This is beautifully epitomized by the Y-Y hypothesis whereby the researchers Yajnik (Indian) and Yudkin (British) were found to have a similar BMI of 22.3 kg/m^2^, but the body fat percentages in the two differ widely at 21.2% in Yagnik and 9.1% in Yudkin.\[[@ref35]\] Higher body fat seen in South Asians than Caucasians at similar BMI was clearly demonstrable in Asian Indians based in Singapore, who showed a BMI of 3 kg/m^2^ lower than Caucasians at any given percentage of body fat.\[[@ref72]\] Multiple studies have shown that truncal subcutaneous tissue (measured by suprascapular and suprailiac skinfolds) is thicker in South Asians across all ages and correlates more closely with insulin resistance than intrabdominal adipose tissue.\[[@ref52]--[@ref56]\] It has also been noted that morbidities related to excess adiposity (diabetes, hypertension, dyslipidemia) occur at lower BMI levels more frequently in Asians than in Caucasians.\[[@ref56]\] CVD rate is higher among South Asians and despite falling CVD-related mortality in Whites, CVD mortality among South Asians is decreasing at a significantly lower pace.\[[@ref73][@ref74]\] Studies also indicate that South Asians have a younger age of onset of CVD and also increased mortality risk from the same.\[[@ref75][@ref76]\] Although both WC and hip circumference are lower in Asian Indians compared to Caucasians, the former have a higher waist--hip ratio (WHR). In a study in Asian Indians, BMI showed correlation with WC but not with WHR, which indicates that WC and BMI may be better predictors of MetS when compared with WHR in Asian Indians.\[[@ref16]\] Another study found similar correlation between WC and BMI and suggested that WC is a better marker of abdominal obesity than WHR.\[[@ref77]\] Studies show that South Asians carry an increased risk and prevalence of hyperglycemia, dyslipidemia, and procoagulant tendency and have larger adipocytes (more insulin resistant).\[[@ref14][@ref30][@ref78]\]

Other differences between South Asians and Caucasians include lower disease awareness and health-seeking behavior, delayed diagnosis due to atypical presentation, language barriers, religious and sociocultural factors. All these factors result in poorer prevention, less aggressive therapy, poorer response to medical and surgical interventions, and higher morbidity and mortality in the South Asians. Probably, differences in response to pharmacological agents may exist between South Asians and Caucasians, although these have been inadequately studied. In view of these data, prevention and management strategies should be more aggressive for South Asians for more positive health outcomes. Hence, lower cut-offs of obesity and abdominal obesity for South Asians are expected to help physicians in better and more effective prevention for MetS and its associated ills, especially diabetes and coronary artery diseases.\[[@ref79]\]
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Although it is well known that conventional risk factors (many of which are included as components of MetS) can predict type 2 diabetes and coronary heart disease (CHD) on their own, there are evidences to suggest that the MetS may add to the prediction of type 2 diabetes and CHD beyond that provided by individual components. Subjects with the MetS from western countries face a twofold greater risk of all-cause mortality and a two- to three-fold increased risk of cardiovascular mortality compared with those without the syndrome.\[[@ref80]\] MetS also predicts diabetes independently of other factors.\[[@ref4]\]

Though the clinical validity of MetS to predict type 2 diabetes and, in particular, CHD has been debated by several authors, studies show that ORs for predicting incident CHD using different definitions of the MetS \[NCEP ATP III (OR 2.00), IDF (1.69), and the WHO (1.73)\] were almost similar, independent of age, sex, ethnic origin, history of CHD and T2DM, non--HDL-C, smoking status, and family history of myocardial infarction.\[[@ref81]\] Subjects free from CHD and/or CHD risk equivalents, when evaluated with NCEP ATP III, IDF, and WHO definitions, were also shown to have similar ORs for predicting CHD.

Despite the fact that all these information are based on western data, they are likely to be true for other populations as well. The data in this regard are limited from South Asia. In South Asians, Sattar *et al*. showed strong association of the MetS with diabetes \[relative risk (RR) 7.47\], however, that with CHD was less strong (RR 1.27).\[[@ref69]\] Forouhi *et al*. also showed higher cardiovascular risk in South Asians as compared to Caucasians, which could not be explained by presence of conventional risk factors.\[[@ref82]\]

G[ENETIC]{.smallcaps} S[TUDIES IN]{.smallcaps} M[ET]{.smallcaps}S [IN]{.smallcaps} S[OUTH]{.smallcaps} A[SIANS]{.smallcaps} {#sec1-8}
===========================================================================================================================

Genetic studies in Indians have largely failed to show any exclusive genetic correlates of the MetS, with the exceptions of hepatic glucokinase promoter gene, fatty acid binding protein 2 (*FABP2*) gene, and apoplipoprotein C-III gene (*APOC3*).\[[@ref83]\] In another study in migrant South Asian patients in South Africa with myocardial infarction and MetS, no relationship was found between any obesity-associated genetic polymorphism and the MetS compared to a control population. The melanocortin-4-receptor (*MC4R*) gene associated TT genotype occurred more frequently in patients with lower TG levels, while the adiponectin 45 TT genotype occurred more commonly in patients with normal fasting glucose levels. The leptin receptor (*LEPR*) gene Q223R TT genotype was associated with low HDL-C levels.\[[@ref84]\] In the same population, a significant relationship was noted with the LPL --93 T/G polymorphism, with the minor G allele occurring more frequently in patients defined by the NCEP ATP III criteria (OR 2.72). The X allele of the LPL S447X polymorphism was observed less frequently in MetS patients (OR 0.52). Several genotypes, including the LPL S447X, APO E3/E3, and the CETP Taq1 B2B2, were associated with favorable lipid profiles.\[[@ref85]\]

In a migrant South Asian population study, three of the six novel APOA1 single nucleotide polymorphisms (SNPs) were significantly associated with MetS, substantiating the CAD risk for *APOA1* gene variants in South Asians. Though larger cohort studies are required to establish the etiologic role of SNPs in MetS as well as of reduced HDL, their identification can be obtained at an earlier age and aggressive measures, especially targeting HDL therapies, may prevent the future risk of CAD and clustering of risk factors.\[[@ref86]\]

Genome-wide association (GWA) studies have become overwhelmingly popular in the last few years as a means to elucidate the association between particular alleles in one\'s DNA and predisposition to a disease, using genetic data from unrelated individuals randomly sampled from a population. MetS consists of a number of phenotypic traits that tend to co-occur and are highly heritable in Indian Asians (h^2^ between 0.27and 0.53).\[[@ref87]\] The co-occurrence raised the question of whether or not they have common genetic mechanisms.\[[@ref88][@ref89]\] Most published associations for the MetS are only with individual component phenotypes, or in some cases with multiple phenotypes, but not matching any of the classic definitions of MetS. A recent study with a GWA approach was undertaken to look into the association of the composite MetS phenotype with common SNPs in a large population of Asian Indian diaspora. The results from the study suggest that the primary genetic determinants of MetS are the same in Asian Indians as in other populations, despite the higher prevalence. Scant evidence was found of a common genetic basis for MetS traits in the Asian Indian population.\[[@ref90]\]

D[ETERMINANTS AND]{.smallcaps} C[AUSATIVE]{.smallcaps} F[ACTORS OF]{.smallcaps} M[ET]{.smallcaps}S [IN]{.smallcaps} S[OUTH]{.smallcaps} A[SIANS]{.smallcaps} {#sec1-9}
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The South Asians are physically less active compared to other ethnic groups. Increasing usage of computers and mechanization in workplaces and at household work is leading to a sedentary lifestyle. Leisure-time activities have also shifted from outdoor games to indoor entertainment like television and computer games. Importantly, girls and women have been found to be more sedentary than men.\[[@ref14][@ref91]\] Energy dense imbalanced foods (high calories, carbohydrates, saturated fats, and low fiber) are being consumed increasingly in the Indian subcontinent.\[[@ref92]\] Asian Indians consume higher carbohydrates as compared with Europeans, and this may lead to hyperinsulinemia, postprandial hyperglycemia, high serum TG, and low HDL levels associated with insulin resistance.\[[@ref93]\] South Asians also have significantly lower intakes of ω-3 polyunsaturated fatty acids (PUFAs), monounsaturated fatty acids (MUFAs), and higher intakes of ω-6 PUFAs than British Caucasians.\[[@ref94]\] Overall, increasing carbohydrate and fat intake, along with decreased fiber intake is likely to contribute to obesity, the MetS, and type 2 diabetes in Asian Indians.\[[@ref95]\]

Rapid demographic, nutritional, and economic changes are occurring in South Asians. The life expectancy and the percentage of elderly population have increased. Most importantly, globalization of diets and consumption of nontraditional fast foods have occurred at a rapid pace in urban areas. Moreover, migration from villages to cities is increasing. These intra-country migrants become urbanized and mechanized, resulting in nutritional imbalance, physical inactivity, stress, and increased consumption of alcohol and tobacco. There is a high prevalence rate of cardiovascular risk factors, including insulin resistance, obesity, atherogenic dyslipidemia, and type 2 diabetes, in these intra-country rural-to-urban migrant populations settled in urban areas.\[[@ref96][@ref97]\]

Although highly prevalent, vitamin D insufficient status was not associated with MetS or insulin resistance in Asian Indians of either sex.\[[@ref98]\]
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"Prevention is better than cure." The old adage holds good particularly for MetS. However, there are not many population-based interventional studies for prevention of MetS in South Asians. In order to prevent MetS, a multipronged approach is essential, which should include behavior modification, dietary modifications, increase in physical activities, prevention of smoking and alcohol excess. It has to be appreciated that though an individual-based approach may be beneficial at an individual level, we would actually need population-based community intervention programs to successfully prevent MetS.

Behavioral modification {#sec2-2}
-----------------------

It is essential to identify maladaptive behavior related to eating habits and rewards, especially in children and younger adults. Habits are difficult to change in older individuals. It is essential that corrective measures continue even after the achievement of a healthy lifestyle.\[[@ref99]\]

Dietary modifications {#sec2-3}
---------------------

Dietary modifications, including a reduction in intake of saturated fat and refined carbohydrates and sweetened beverages, help in modifying childhood obesity. In countries in nutritional transition, including India, it is seen that adolescents tend to favor high carbohydrate and saturated fat intake. Dietary strategies should highlight the need to stick to traditional diets and restriction of sweetened beverages, high saturated and trans fat containing food stuffs. Snacking between major meals should be discouraged. Low-fat dairy food should be encouraged. Avoidance of salted and processed food is essential to prevent hypertension.\[[@ref100]\] Increased dietary fiber and including green leafy vegetables and fruits need to be encouraged to help prevent obesity. It is now also appreciated that nutrition during perinatal period and early childhood may influence insulin resistance and MetS in later life. Hence, maternal undernutrition and excess nutrition in children both have deleterious effects and need to be avoided.

Physical activity {#sec2-4}
-----------------

Regular exercise should be promoted to increase energy expenditure and achieve weight loss and increase insulin sensitivity. Exercise is also known to reduce blood pressure, increase HDL-C and lower TG levels. Institution of physical activity needs to be gradual and graded.

Community-based interventions {#sec2-5}
-----------------------------

Several programs have been launched to prevent obesity and MetS at a community level. These include CHETNA and MARG. The objectives of the programs are to make children aware of obesity and diabetes and educate them regarding the beneficial effects of a healthy diet and increased physical activity. The effect of these programs remains to be evaluated.\[[@ref101]\]

Schools offer an ideal medium for lifestyle interventions because the obesogenic lifestyle behaviors are less well developed in children and are therefore amenable to change.\[[@ref102]\] Moreover, it is important to identify the adolescents at risk for T2DM and CHD at an early age and use appropriate prevention strategies while the pathological processes are still reversible.\[[@ref103][@ref104]\]

A school-based program has been launched which aims to impart health education on the prevention of obesity, diabetes, and heart disease in school children, code named CHETNA (Childrens' Health Education Through Nutrition and Health Awareness).\[[@ref21]\] A large prospective, school-based behavioral intervention study, code named MARG (Medical education for children/Adolescents for Realistic prevention of obesity and diabetes and for healthy aGing) is being carried out in 14 cities in North India. At 6 months follow-up, significantly improved β-cell function as well as decrease in the markers of inflammation like hs-CRP were observed in the intervention group compared to the control group. The Pearson\'s coefficient of correlation in the intervention group showed that the decrease in the mean WC was significantly correlated with the decrease in homeostasis model assessment of insulin resistance.\[[@ref104]\]

Behavioral intervention in migrant Asian Indian population in New Zealand showed a decrease in obesity parameters in men and blood pressure reduction in women with lifestyle changes.\[[@ref105]\]

In another nonpharmacological community-based intervention study, reduction of fasting blood glucose levels and improved obesity measures of prediabetic and diabetic subjects from South India were seen with improvement of the dietary patterns.\[[@ref106]\]

Pharmacological interventions {#sec2-6}
-----------------------------

According to the current international guidelines, none of the pharmacological agents are approved for use for prevention of obesity or MetS in children. However, metformin is found to be beneficial in obese children and has effects on body composition and insulin sensitivity. Pharmacological therapy of dyslipidemia is not recommended in children less than 10 years of age.\[[@ref107]\] As far as hypertension is concerned, a thorough search for secondary causes of hypertension in children is the need of the hour.

Community intervention programs amongst Asian Indians in South India demonstrated a relative risk reduction of 28.5% in cumulative incidence of diabetes through interventional lifestyle modification, which was higher than that achieved by metformin alone (24%).\[[@ref108]\]

Recently, a study has been undertaken in multi-ethnic subjects with MetS for prevention of CVD and diabetes, which is called as The Reversal Intervention for Metabolic Syndrome (TRIMS) study, a double-blind placebo-controlled study on 82 participants with lifestyle intervention. The results of the study will be published in a few years, giving us an insight on the role of self-management educational programs on lifestyle intervention and their impact on the incidence of CVD and diabetes.\[[@ref109]\]

The present definitions of the MetS bear analogy to the folklore of the six blind men and the elephant whereby each correctly describes only a part of the whole. The perfect definition of MetS would be the one which would not only be resource demanding, detect abnormalities at the earliest and in a graded manner, but would also encompasses all the clinically relevant aspects of the aforesaid syndrome. The varying relationships of the components of the MetS with CVD risk in different ethnic groups (mostly in developing countries) necessitate further studies.\[[@ref110]\] Combating the metabolic syndrome--- either as it is commonly understood or through the various components of the syndrome at the population level--- is complex and requires multisectoral policy approaches. Policy changes should focus on providing balanced nutrition and an enabling environment for improving physical activity. For physicians treating individuals at high risk, aggressive lifestyle modification will remain the mainstay, until such individuals reach thresholds for drug therapy.\[[@ref111]\]
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